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1
METHOD FOR FABRICATING CAPACITOR

FIELD OF THE INVENTION

The present invention relates to a method for fabricating
a semiconductor device; and, more particularly, to a method
for fabricating a capacitor.

DESCRIPTION OF RELATED ARTS

Because of recent trends 1in large-scale integration, mini-
mization and high-speed operation 1n a semiconductor
device, a capacitor arca has been progressively decreased.
Even 1f the semiconductor device is highly integrated and
minimized, 1t 1s mandated to secure a capacitor capacitance
for driving the semiconductor device.

For one approach to secure the capacitor capacitance, a
lower electrode of the capacitor 1s formed 1n various types
of structure including a cylinder structure, a stack structure,
a concave structure and so on so that an effective surface
arca of the lower electrode of the capacitor can be maxi-
mized. Also, a height of the lower electrode 1s increased to
secure the capacitor capacitance.

FIGS. 1A to 1D are cross-sectional views showing a
conventional method for fabricating a capacitor.

Referring to FIG. 1A, an inter-layer insulation layer 12 1s
formed on a substrate 11 1n which semiconductor circuits
including a transistor and a bit line are formed. The inter-
layer insulation layer 12 1s then etched to form storage node
contact holes exposing partial portions of the substrate 11.

Next, each storage node contact hole 1s buried to form a
storage node contact plug 13 connected to the substrate 11.
On top of the inter-layer insulation layer 12 including the
storage node contact plugs 13, an etch barrier layer 14 and
a storage node oxide layer 15 determining a height of a
subsequent lower electrode 17 shown 1n FIG. 1B are sequen-
tially deposited.

The etch barrier layer 14 and the storage node oxide layer
15 are etched to form a lower electrode 17 region, for
instance, a concave pattern 16. At this time, the concave
pattern 16 1s formed by performing a dry etching process to
the thick storage node oxide layer 15. The concave pattern
16 has an etch profile that 1s not vertical, and this fact results
that a critical dimension of a top region (T ) 1s wider than
that of a bottom region (B.p). Hereinafter, the critical
dimension 1s referred to as CD.

Referring to FIG. 1B, a conductive layer for the lower
electrode 17 (hereinafter referred to as lower electrode
conductive layer) is deposited on an entire surface of the
structure 1ncluding the concave pattern 16, and a photosen-
sitive layer 1s coated on the lower electrode conductive layer
until filling up the concave pattern 16. Subsequent to the
photosensitive layer coating, the lower electrode conductive
layer formed at regions except for the concave pattern 16 1s
removed through an etch-back process or a chemical
mechanical polishing (CMP) process to form the lower
clectrode 17 having a cylinder structure. After the lower
clectrode 17 formation, the photosensitive layer 1s removed.

Referring to FIG. 1C, the storage node oxide layer 15 1s
removed through a wet dip-out process. At this time, the
exposed lower electrode 17 having the cylinder structure has
a wider CD at a top region (T-p) than at a bottom region
(B.,) As a result of this unequal CD, a distance Y, between
the lower electrodes 17 gets narrower.

Thereatter, as shown 1n FIG. 1D, a dielectric layer 18 and
an upper electrode 19 are sequentially formed on the lower
clectrode 17 to thereby form a capacitor.
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However, as shown 1n FIG. 2, the above-described
method has a disadvantage that the neighboring lower
electrodes cannot be supported 1n a right position and 1is
consequently contacted to each other owing to a fact that the
lower electrode 17 has the wider CD at the top region (T )
than at the bottom region (B_,). This case of contacting
neighboring lower electrodes 17 to each other includes a
dual bit failure, which results 1n a further failure of inde-

pendent operations for each cell.
SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present mvention to
provide a method for fabricating a capacitor capable of
preventing a contact between neighboring lower electrodes
even 1f a height of the lower electrode increases.

In accordance with an aspect of the present invention,
there 1s provided a method for fabricating a capacitor,
including the steps of: forming a stack layer sequentially
deposited 1n an order of an inter-layer insulation layer and a
first etch barrier layer on a substrate, wherein a hole expos-

ing a partial portion of the substrate passing through the
inter-layer 1nsulation layer and the first etch barrier layer 1s
formed; forming a storage node contact plug contacted to the
partial portion of the substrate by being buried 1nto the hole;
forming a storage node insulation layer on the stack layer,
the storage node msulation layer having a concave pattern of
which bottom region has a wider critical dimension (CD)
than that of a top region and exposing the storage node
contact plug; forming a lower electrode 1nside of the con-
cave pattern, the lower electrode being connected to the
storage node contact plug; and forming sequentially a
dielectric layer and an upper electrode on the lower elec-
trode.

In accordance with another aspect of the present
invention, there 1s also provided a method for fabricating a
capacitor, including the steps of: forming a stack layer by
depositing sequentially an inter-layer insulation layer and a
first etch barrier layer on a substrate; forming a storage node
contact hole exposing a partial portion of the substrate by
ctching the stack layer; forming a storage node contact plug
connected to the substrate by being buried into the storage
node contact hole; depositing a second etch barrier layer and
a first storage node insulation layer on the storage node
contact plug and the stack layer; performing a dry etching
process to the first storage node insulation layer and the
second etch barrier layer to form a pillar-type pattern of
which bottom region has a wider critical dimension (CD)
than that of a top region on the storage node contact plug;
forming a second storage node 1nsulation layer encompass-
ing the pillar-type pattern; removing selectively the pillar-
type pattern to form a concave pattern exposing the storage
node contact plug; forming a lower electrode 1nside of the
concave pattern, the lower electrode being connected to the
storage node contact plug and having a wider critical dimen-
sion at its bottom region than at its top region; and forming
sequentially a dielectric layer and an upper electrode on the
lower electrode.

BRIEF DESCRIPTION OF THE DRAWING(S)

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of the preferred embodiments given in conjunction with
the accompanying drawings, 1n which:

FIGS. 1A to 1D are cross-sectional views showing a
conventional method for fabricating a capacitor;

FIG. 2 1s a diagram 1illustrating a problem of contacts
made between neighboring lower electrodes arising in the
conventional method; and
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FIGS. 3A to 3H are cross-sectional views showing a
method for fabricating a capacitor in accordance with a
preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, an inventive method for forming a capacitor
will be described 1n more detail.

Referring to FIG. 3A, an inter-layer insulation layer 22
and a first etch barrier layer 23 are deposited on a substrate
21 1 which semiconductor circuits mcluding a transistor
and a bit line are formed. At this time, the first etch barrier
layer 23 1s a nitride layer deposited to a thickness 1n a range
from about 300 A to about 1000 A. The first etch barrier
layer 23 functions as a barrier layer against a subsequent dry
ctching process and a barrier layer against a subsequent wet
etching process performed to a first storage node 1nsulation
layer 26.

Then, a mask and etch process 1s used to etch the first etch
barrier layer 23 and the inter-layer insulation layer 22 to
form storage node contact holes exposing partial portions of
the substrate 21, and a polysilicon layer 1s deposited on the
first etch barrier layer 23 until the storage node contact holes
are filled up.

The polysilicon layer 1s planarized with use of a chemical
mechanical polishing (CMP) process until exposing a sur-
face of the first etch barrier layer 23. After the planarization,
a storage node contact plug 24 made of the polysilicon layer
1s formed.

Referring to FIG. 3B, a second etch barrier layer 25 made
of polysilicon or titanium nitride (TiN) is formed on the
storage node contact plug 24 and the first etch barrier layer
23. At this time, the second etch barrier layer 25 1s deposited
to a thickness ranging from about 300 A to about 1000 A.
Thereafter, the first storage node insulation layer 26 1is
formed on the second etch barrier layer 25. At this time, the
first storage node 1nsulation layer 26 1s made of a nitride-
based material, e.g., S13N,,. The first storage node msulation

layer 26 has a thickness ranging between about 5000 A to
about 30000 A.

At this time, the second etch barrier layer 25 acts as a
barrier layer against a dry etching process and a subsequent
wet etching process performed to the first storage node
insulation layer 26.

Next, the first storage node insulation layer 26 1s pro-
ceeded with a dry etching process so that an etching is
stopped at the second etch barrier layer 25 through the use
of a mask and etch process. Continuously, the second etch
barrier layer 25 1s proceeded with a dry etching process so
that an etching 1s stopped at the first etch barrier layer 23.
From these dry etching processes, a pillar-type pattern 27 of
which bottom region has a wider CD compared to the CD of
a top region 1s formed. Also, the pillar-type pattern 27 1s
contacted to the storage node contact plug 24.

With reference to FIG. 3C, a second storage node 1nsu-
lation layer 28 1s formed on the pillar-type pattern 27 until
filling up a space between the pillar-type patterns 27.
Thereafter, a CMP process 1s performed to planarize the
second storage node msulation layer 28 until a surface of the
first storage node insulation layer 26 of the pillar-type
pattern 27 1s exposed. Herein, the second storage node
insulation layer 28 uses any one material selected from a
group consisting of undoped silicate glass (USG), phospho-
rus silicate glass (PSG), born phosphorus silicate glass
(BPSG) and plasma enhanced tetra-ethyl-ortho silicate

(PETEOS).
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Referring to FIG. 3D, the pillar-type pattern 27 1s selec-
tively removed. For the removal of the pillar-type pattern 27,
the first storage node 1nsulation layer 26 1s firstly proceeded
with a wet etching process with use of phosphoric acid
H.PO, solution and then a dry etching process. At this time,
the second etch barrier layer 25 1s the etch barrier layer
against the wet etching process with respect to the first
storage node 1nsulation layer 26, and the first etch barrier
layer 23 1s the etch barrier layer against the dry etching
process with respect to the second etch barrier layer 25.

In the meantime, the second etch barrier layer 25 can be
removed with use of the wet etching process. In case that the
second etch barrier layer 25 1s a polysilicon layer, a mixture
solution of nitric acid/hydrofluoric acid/ethanoic acid
(HNO,/HE/CH;COOH) is used for the wet etching process.
In case that the second etch barrier layer 25 1s a titanium
nitride layer, a mixture solution of sulfuric acid/hydrogen
peroxide (H,SO,/H,0,) is used for the wet etching process.

After removing the pillar-type pattern 27, a concave
pattern 29 provided from the second storage node 1nsulation
layer 28 1s formed. Herein, the concave pattern 29, which 1s
a region for a storage node exposing the storage node contact
plug 24 has a CD wider at a bottom region than at a top
region.

As 1llustrated in FIG. 3E, a conductive layer for a lower
electrode 30 (hereinafter referred to as lower electrode
conductive layer) 1s deposited on the second storage node
insulation layer 28 including the concave pattern 29. Then,
a photosensitive layer 31 1s coated on the lower electrode
conductive layer 30 with a thickness that fills up the concave
pattern 29. At this time, the lower electrode conductive layer
30 uses doped polysilicon layer or a noble metal-based metal
layer.

Referring to FIG. 3F, an etch-back or a CMP process to
the lower electrode conductive layer 30 1s performed to form
a cylindrical lower electrode 30A remaining solely within
the concave pattern 29.

More specifically, the photosensitive layer 31 1s pro-
ceeded with the etch-back process until a surface of the
lower electrode conductive layer 30 1s exposed, and the
lower electrode conductive layer 30 exposed on the second
storage node 1insulation layer 28 1s proceeded with the
ctch-back process or the CMP process to form the cylindri-
cal lower electrode 30A.

Referring to FIG. 3G, the remaining photosensitive layer
31 1s removed through a strip process. Afterwards, a wet
etching process 1s performed to the second storage node
insulation layer 28 by using hydro fluoric acid (HF) or a
buffered oxide etchant (BOE). At this time, outer walls of the
cylindrical lower electrode 30A are exposed.

As described above, since the cylindrical lower electrode
30A 1s formed 1nside of the concave pattern 29, a CD of a
bottom region (Bp) 1s wider than that of a top region (T, p).
Therefore, the lower electrode 30A can be firmly supported,
further resulting 1n a wider space Y, between the lower

electrodes 30A.

With reference to FIG. 3H, a surface of the lower elec-
trode 30A is nitridated through an ammonia (NH;) plasma
freatment so that an oxygen barrier layer 32 preventing
diffusions of oxygen into the lower electrode 30A during a
heat treatment of a subsequent diclectric layer. At this time,
the nitridation process 1s performed at a temperature ranging
from about 300° C. to about 500° C. and a pressure ranging
from about 0.1 torr to about 10 torr by supplying a radio
frequency (RF) power ranging from about 100 W to about
1000 W.
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On top of the nmitridated lower electrode 30A, a titanium
oxide (Ta,O5) layer 33 is deposited to a thickness in a range
from about 20 A to about 100 A. At this time, the deposition
of the Ta,O layer 33 1s proceeded at a temperature ranging
from about 300° C. to about 500° C. and a pressure ranging
from about 0.1 torr to about 1 torr by using a source of
Ta(C,H;O)s and a reaction gas of O..

For enhancing properties and crystallization of the Ta,O4
layer 33 and, the Ta,O. layer 33 1s proceeded with a heat
treatment using a furnace. The heat treatment 1s performed
at a temperature ranging from about 500° C. to about 800°
C. 1n an ambient of N,O or O.,.

Next, after an upper electrode 34 1s deposited, a patterning,
process 1s performed to thereby form a capacitor. At this
time, the upper electrode 34 includes a TiN layer deposited
through a chemical vapor deposition (CVD) and a polysili-
con layer deposited on the TiN layer. Afterwards, an acti-

vation heat treatment 1s performed by using a furnace at a
temperature ranging from about 500° C. to about 700° C. in
an atmosphere of nitrogen.

Compared to the CD at the top region of the lower
electrode, the CD at the bottom region 1s wider, and thereby
being capable of supporting the lower electrode firmly. Also,
a wider distance between the lower electrodes prevents
neighboring lower electrodes from contacting to each other.
As a result of these effects, 1t 1s possible to prevent a failure
of dual bit, which eventually results 1n higher yields of
semiconductor devices.

While the present invention has been described with
respect to certain preferred embodiments, 1t will be apparent
to those skilled 1n the art that various changes and modifi-
cations may be made without departing from the scope of the
invention as defined 1n the following claims.

What 1s claimed 1s:

1. A method for fabricating a capacitor for use 1n a
semiconductor device, comprising the steps of:

forming a stack layer sequentially deposited 1n an order of
an 1nter-layer insulation layer and a first etch barrier
layer on a substrate, wherein a hole exposing a partial
portion of the substrate passing through the inter-layer
insulation layer and the first etch barrier layer i1s
formed,;

forming a storage node contact plug contacted to the
partial portion of the substrate by being buried into the

hole;

forming a storage node msulation layer on the stack layer,

the storage node insulation layer having a concave

pattern of which bottom region has a wider critical

dimension (CD) than that of a top region and exposing

the storage node contact plug, wherein the step of

forming a storage node insulation layer comprises the

step of:

depositing a second etch barrier layer and a first storage
node insulation layer on the storage node contact
plug to form a pillar-type pattern of which bottom
region has a wider critical dimension (CD) than that
of a top region;

forming a second storage node 1nsulation layer encom-
passing the pillar-type pattern;

removing selectively the pillar-type pattern with use of
the first etch barrier layer as an etch barrier layer to
expose the storage node contact plug as simulta-
neously as to form a concave pattern having an
inverted shape of the pillar-type pattern;

forming a lower electrode 1nside of the concave pattern,
the lower electrode being connected to the storage node
contact plug; and
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forming sequentially a dielectric layer and an upper
clectrode on the lower electrode.
2. The method as recited 1n claim 1, wherein the step of
forming the concave pattern by selectively removing the
pillar-type pattern includes the steps of:

ctching the first storage node 1nsulation layer by using the
second etch barrier layer as an etch barrier layer; and

ctching the second etch barrier layer by using the first etch

barrier layer as an etch barrier layer.

3. The method as recited 1n claim 2, wherein the first
storage node insulation layer and the second etch barrier
layer are etched through the use of a wet etching process.

4. The method as recited in claim 2, wherein the first
storage node 1nsulation layer 1s etched through the use of a
wet etching process and the second etch barrier layer 1s
ctched through the use of a dry etching process.

S. The method as recited in claim 1, wherein the first
storage node insulation layer and the first etch barrier layer
are nitride layers and the second etch barrier layer i1s a
polysilicon layer.

6. The method as recited 1in claim §, wherein the first
storage node 1nsulation layer 1s proceeded with the wet
ctching process by using a solution of phosphoric acid
(H,PO,), and the second etch barrier layer is proceeded with
the wet etching process by using a mixture solution of nitric
acid/hydrofluoric acid/ethanoic acid (HNO,/HF/
CH,COOR).

7. The method as recited in claim 1, wherein the first
storage node insulation layer and the first etch barrier layer
are nitride layers and the second etch barrier layer i1s a
fitanium nitride layer.

8. The method as recited in claim 7, wherein the first
storage node 1nsulation layer 1s proceeded with the wet
etching process by using a solution of H,PO, and the second
etch barrier layer 1s proceeded with the wet etching process
by using a mixture solution of sulfuric acid/hydrogen per-
oxide (H,SO,/H,0,).

9. The method as recited in claim 1, wherein the step of
forming the lower electrode further icludes the step of
nitridating a surface of the lower electrode.

10. A method for fabricating a capacitor of a semicon-
ductor device, comprising the steps of:

forming a stack layer by depositing sequentially an mter-
layer 1nsulation layer and a first etch barrier layer on a
substrate;

forming a storage node contact hole exposing a partial
portion of the substrate by etching the stack layer;

forming a storage node contact plug connected to the
substrate by being buried into the storage node contact

hole;

depositing a second etch barrier layer and a first storage
node insulation layer on the storage node contact plug
and the stack layer;

performing a dry etching process to the first storage node
insulation layer and the second etch barrier layer to
form a pillar-type pattern of which bottom region has a
wider critical dimension (CD) than that of a top region
on the storage node contact plug;

forming a second storage node insulation layer encom-
passing the pillar-type pattern;

removing selectively the pillar-type pattern to form a
concave pattern exposing the storage node contact

plug;
forming a lower electrode 1nside of the concave pattern,
the lower electrode being connected to the storage node
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contact plug and having a wider critical dimension at its
bottom region than at its top region; and

forming sequentially a dielectric layer and an upper
clectrode on the lower electrode.
11. The method as recited in claim 10, wherein the step of
forming the concave pattern by selectively removing the
pillar-type pattern includes the steps of:

ctching the first storage node 1nsulation layer with use of
the second etch barrier layer as an etch barrier layer;
and

etching the second etch barrier layer with use of the first

ctch barrier layer as an etch barrier.

12. The method as recited in claim 11, wherein the first
storage node 1nsulation layer and the second etch barrier
layer are etched by employing a wet etching process.

13. The method as recited 1n claim 11, wherein the first
storage node 1nsulation layer 1s etched through the use of a
wet etching process and the second etch barrier layer 1s
ctched through the use of a dry etching process.

14. The method as recited 1n claim 11, wherein the first
storage node 1nsulation layer and the first etch barrier layer
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are nitride layers and the second etch barrier layer is a
polysilicon layer.

15. The method as recited 1n claim 14, wherein the first
storage node 1nsulation layer 1s proceeded with the wet
ctching process by using a solution of H;PO,, and the
second etch barrier layer 1s proceeded with the wet etching

process by using a mixture solution of HNO.;/HF/
CH,COOH.

16. The method as recited 1in claim 11, wherein the first
storage node insulation layer and the first etch barrier layer
are nitride layers and the second etch barrier layer is a
fitanium nitride layer.

17. The method as recited 1n claim 16, wherein the first
storage node 1nsulation layer 1s proceeded with the wet
etching process by using a solution of H,PO, and the second
etch barrier layer 1s proceeded with the wet etching process
by using a mixture solution of H,SO,/H,0O..

% o *H % x
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